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Surgical Management of Congenital Mitral Stenosis
Abdullah A. Alghamdi, MD, Mrinal Yadava, MBBS, and Glen S. Van Arsdell, MDCongenital mitral valve stenosis in isolation is a rare en-tity. The reported incidence in autopsy series of patients
with congenital heart disease is about 0.6% and in clinical
series is about 0.4%.1 Congenital mitral valve stenosis most
commonly exists in association with left heart underdevelop-
ment, left ventricular outflow tract obstruction, and Shone’s
complex.2
From an anatomical perspective, the mitral valve appara-
tus is composed of annulus, leaflets, chords, and papillary
muscles. The integration of this apparatus along with the
freedom from supravalvar pathologic function (eg, suprami-
tral ring) and left ventricular pathologic function (eg, hyp-
oplastic ventricle) is essential for normal function. Therefore,
structural abnormalities of the mitral valve causing stenosis
can happen at different levels. A clinically useful system for
the characterization of the anatomic types of congenital mi-
tral valve stenosis divides it into the 4 following types: typical
mitral stenosis, hypoplastic congenital mitral stenosis, supra-
valvar mitral stenosis, and parachute mitral valve.3 An addi-
tional category is subvalvar stenosis, which is also known as
mitral arcade.4
The pathophysiology and resultant clinical presentation of
congenital mitral stenosis are dependent on the anatomic
variant, severity, associated lesions, and age. For clinical,
practical, and prognostic reasons, congenital mitral stenosis
can be categorized into neonatal and nonneonatal.
In neonates, congenital mitral stenosis is unlikely to pres-
ent as an isolated lesion; rather, it is frequently part of a
“complex” or “syndrome” involving the left heart. Shone’s
complex and variable degrees of hypoplastic left heart syn-
drome are the usual associations. Pulmonary hypertension
and inadequacy of the left heart to support the systemic cir-
culation are the most significant clinical consequences.
Mitral stenosis presenting after the neonatal period is a
different disease than that presenting in neonates. Children
having otherwise reasonably normal hearts and mitral steno-
sis have already proven that their left heart is of adequate size
for a biventricular arrangement. Mitral stenosis beyond in-
fancy is more likely to be isolated.
Description of the functional severity of stenosis is based
on the widely accepted echocardiographic definition by the
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gradient across themitral valve tomild (mean gradient less than
5 mm Hg), moderate (mean gradient between 5 and 10 mm
Hg), and severe (mean gradient more than 10 mm Hg).5
Clinical Presentation
Neonatal Congenital Mitral Stenosis
Presentation of congenital mitral stenosis in the neonate re-
quires a decision regarding suitability for biventricular re-
pair. This requires a thorough evaluation of each of the com-
ponents of the left heart, including mitral annular size, mitral
leaflet pliability, leaflet dysmorphism, subvalvar apparatus
mobility, left ventricular volume, ventricular compliance,
presence of endocardial fibroelastosis, aortic outlet size, mor-
phology of the aortic valve, aortic arch size, presence of co-
arctation, and the possibility of a supramitral ring.
All of the above impact the functionality of the left heart
independently and as a complex. Each component is there-
fore evaluated individually using echocardiographic imag-
ing. Calculations of absolute 2-dimensional measurements,
Z-values, ventricular volumetrics, and gradients can be
achieved. These 2-dimensional images and gradients are then
used to impute potential functionality for a biventricular re-
pair.6,7 Most of the data collected on borderline left heart size
have been collated around echocardiographic descriptors
with congenital critical aortic stenosis. The findings pertain-
ing to the mitral valve have been secondary. Although good,
the specificity of these measurements is less than perfect. If a
biventricular repair is attempted but pushes the limits too far
or fails, the resultant mortality can be 50% or more even,
when the repair is converted to a single ventricle approach.6
There is also the concept that left heart structure can be small
but still reasonably functional. This type of situation has been
termed hypoplastic left heart complex.8
In an attempt to improve the specificity of preoperative
diagnostics and decision-making in neonates having small
left-sided structures, we have employed cardiac magnetic im-
aging (MRI) as a means of determining flow characteristics
through the entire left heart.9 The hypothesis has been that a
functional measurement is better at predicting a functional
outcome than trying to impute function from 2-dimensional
imaging. Cardiac MRI allows actual measurement of cardiac
output (a functional measurement) through various areas of
the heart (ie, What is the flow across the mitral valve?What is
the net flow across the atrial septal defect?). The associated
gradients can be derived or correlated to thosemeasuredwith
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274 A.A. Alghamdi, M. Yadava, and G.S. Van Arsdellechocardiography. Indexed flow information associated with
corresponding gradients can provide information about
whether a specific valve can provide adequate performance
for a biventricular repair. As an example of howwe think about
this, ameanmitral gradient of 12mmHg in the face of a cardiac
index of 3 L across the mitral valve is less worrisome than the
same gradient and a cardiac index of 1.5 L/min across themitral
valve. We also use MRI-based measurements of ventricular vol-
ume. The MRI volumetrics have tended to be about one third
higher than those seen with echocardiography.
The MRI data generated have caused us to perform biven-
tricular repair for a number of congenitally small mitral
valves and left hearts where normal echocardiographic size
criteria would have suggested that a single ventricle pathway
would be beneficial.6,7 The advantage of the functional mea-
surement is that it measures functionality in the disease state.
If indexed flow is sufficient for survival in the diseased state,
it will likely improve once associated left ventricular outlet,
aortic arch, and coarctation lesions are relieved. Pushing the
limits of biventricular repair toomuch, however, can result in
multiple left-sided reoperations for mitral stenosis and/or LV
outlet issues. These limits are being defined. Significant pul-
monary hypertension from a small or noncompliant left side
might also necessitate cardiac transplantation. Most prob-
lematic are those cases with significant endocardial fibroelas-
tosis. Figure 1 provides a decision algorithm that should be
considered a work in progress.
Nonneonatal Congenital Mitral Stenosis
Beyond the neonatal period, presentation of congenital mitral
stenosis is categorically different from the neonatal presenta-
tion. Themorphology identified in an echocardiographic and
interventional report of 85 infants was as follows: stenotic
mitral valve with symmetry of papillary muscles (52%), su-
pravalvar mitral ring (20%), double orifice mitral valve
(11%), and hypoplastic mitral valve with asymmetric papil-
lary muscles (8%).10 Only about one third of those infants
required intervention by the age of 2 years.10
At the Hospital for Sick Children, we have limited inter-
vention to those having significant pulmonary hypertension
(2/3 systemic pressure), symptoms, or those requiring in-
tervention for other lesions such as a small arch and coarcta-
tion or a ventricular septal defect.
Figure 1 Work in progress decision algorithm 1: Surgical strategy for
neonatal congenital mitral stenosis.Surgical Strategy
The goal of surgical intervention for congenital mitral valve
stenosis is to improve the function of the mitral valve and
delay or avoid the need for valve replacement. There are
various described repair techniques outlined in Table 1. The
choice of these techniques in isolation or in combination
depends on the specific anatomic subtype of mitral stenosis.
When mitral valve stenosis is part of left heart underdevelop-
ment complex, then, in addition to addressing the mitral
valve anatomy where appropriate, the left heart complex is
addressed as well, using various techniques as dictated by the
existence and severity of the associated lesions (Table 2).
Conduction of Cardiopulmonary
Bypass and Surgical Exposure
Our approach, at theHospital for Sick Children Toronto, is to
performmitral valve surgery through a sternotomy. Standard
aortic and bicaval cannulation are achieved. The core body
temperature is allowed to drift and myocardial protection is
maintained using antegrade cold blood cardioplegia given at
20-minute intervals. In most cases, the mitral valve is ex-
posed through the interatrial groove (Waterston’s groove).
Retraction sutures for infants assist with exposure (Fig. 2). A
conventional mechanical retractor is used for larger patients.
For those patients in whom this exposure is insufficient, a
superior atrial approach, cutting across the limbus and dome
of the left atrium, is employed.
Description of Specific Surgical Techniques
Aortic Arch Repair
When congenital mitral valve stenosis exists with aortic arch
obstruction, the aortic arch is repaired under deep hypother-
mic circulatory arrest and/or regional cerebral perfusion. All
the ductal tissue is excised and the arch reconstruction is
able 1 Different Techniques of Mitral Valve Repair for Con-
enital Mitral Valve Stenosis
Resection of supramitral ring
Commissurotomy
Splitting of papillary muscle in parachute mitral valve
Fenestration of subvalve hammock/arcade
Thinning of papillary muscles
Replacing papillary muscles with polytetroflouroethylene
chordae
Resection of secondary papillary muscles and secondary
muscle attachments
Resection of secondary chordae
Adjustable atrial septal defect
Pericardial leaflet augmentation
able 2 Management of Left Heart Underdevelopment Com-
lex
Resection of coarcation
Interdigitating arch reconstruction
Adjustable atrial septal defect
Single ventricle repair
Surgical management of congenital mitral stenosis 275Figure 2 Exposure is gained through Waterston’s interatrial groove. Retraction sutures placed at 4 and 8 o’clock aid in
exposure. For very small atria or repeat operations, exposure using the superior atrial septal approach can be useful. Ao
aorta; LA  left atrium; MV  mitral valve; RA  right atrium; RLPV  right lower pulmonary vein; RUPV  right
upper pulmonary vein; SVC  superior vena cava.
276 A.A. Alghamdi, M. Yadava, and G.S. Van ArsdellFigure 3 For anatomically small left hearts that are amenable to biventricular repair, extensive reconstruction of the arch
is important so that there are no in-series mild obstructions that compromise cardiac output. We employ an interdig-
itating arch reconstruction where the coarctation is excised. A posterior longitudinal incision is made in the proximal
descending aorta, and an anterolateral longitudinal incision is made in the proximal descending aorta. The distal
arch/isthmus is used to patch the posterior incision and the patch material for the arch (pulmonary homograft or
gluteraldehyde-treated autologous pericardium) is used to patch the anterolateral incision. There should be no issues
of recoarctation related to ductal tissue with this technique. For borderline sized left hearts, an adjustable atrial defect
technique is used. The 2 sutures allow for partial or full closure of the defect. The sutures can be brought out through
the interatrial groove of the dome of the left atrium. Closure is done at separation from cardiopulmonary bypass if there
is good systemic pressure and atrial pressures in the low teens or less. If delayed sternal closure is employed, test closure
of the atrial defect can also be done at that time. PDA  patent ductus arteriosus.
m
u
f
t
S
A
T
t
dissecti
Surgical management of congenital mitral stenosis 277done using the interdigitating technique.11 Pulmonary ho-
ograft or gluteraldehyde-treated autologous pericardium is
sed as patch material. Our standard institutional approach
or arch reconstruction utilizes the interdigitating technique
Figure 4 A supramitral ring is peeled using a similar techn
preferred but it may need to be supplemented with sharpo abolish the risk of recurrent arch obstruction (Fig. 3). rupramitral Ring
plane is developed using a blunt Freer periosteal elevator.
he entire ring is removed just as one would remove subaor-
ic stenosis. Sharp dissection to initiate the resection may be
that employed for subaortic stenosis. Blunt dissection is
on. Ant. anterior; LA left atrium; LV left ventricle.ique toequired. It is important to remove all components of the ring.
278 A.A. Alghamdi, M. Yadava, and G.S. Van ArsdellThe ring is usually within the mobile portion of the leaflet. The
papillary muscles and subvalvar apparatus are inspected for ev-
idence of subvalvar stenosis. Papillary muscle splitting may be
required (Fig. 4).
Parachute (or Functionally Parachute) Mitral Valve
In a parachute mitral valve, all chordae are attached to a
single papillary muscle. The papillary muscle is split to the
Figure 5 A parachute subvalve apparatus is dealt with by
ventricle. Splitting is usually parallel to the mitral orifice. T
ventricle.level of the ventricular wall in a plane that provides the mostsubvalvar space. Thinning of the papillary muscle may be
also required (Fig. 5).
Mitral Arcade
Mitral arcade, also known as “hammock,” is a form of sub-
valvar mitral stenosis where the central valve orifice is ob-
structed by fused short chordae that are attached to abnormal
g the common papillary muscle down to the level of the
illary muscles may need to be thinned as well. LV leftsplittin
he paphypertrophied papillary muscles. Multiple fenestrations and
Surgical management of congenital mitral stenosis 279resections are made in the subvalvar apparatus. The goal is to
leave just enough fibrous support so the leaflet does not
prolapse. This strategy allows for creation of the greatest out-
let into the ventricle. If the resection is overdone, artificial
chordae of polytetrafluoroethylene (Gore-Tex) can be cre-
Figure 6 A subvalve hammock requires creation of wind
amounts of fibrousmaterial are resected. Overresection i
artificial chords.ated (Fig. 6).Typical Congenital Mitral Stenosis
There is a small central orifice between 2 thick papillary
muscles. The orifices lateral to the papillary muscle are very
small or nonexistent. The lateral orifices are opened by re-
secting secondary papillary muscles and chordae. Thinning
the fibrous and muscular subvalve tissue. Significant
esulting in leaflet prolapse can be dealt with by insertingows in
njury rof the primary papillary muscle is also achieved. A commis-
280 A.A. Alghamdi, M. Yadava, and G.S. Van ArsdellFigure 7 “Typical” congenital mitral stenosis has a combination of orifice stenosis and subvalve apparatus stenosis. A
small lateral commissurotomy is performed as indicated in each commissure. Secondary subvalve attachments are
released under both leaflets with particularly aggressive resections occurring at each of the commissures. The commis-
sural areas then effectively become effective orifices. The subvalve apparatus is split as indicated. In our experience,
there is a tendency to be too conservative with the commissurotomies. Takedown of the leaflet to facilitate release of the
subvalve tissue has also been described. The leaflet is then augmented with gluteraldehyde-treated pericardium. We
have found that meticulous resection of the subvalve apparatus, one small section at a time, has allowed for satisfactory
relief of obstruction without the need for taking down the leaflet. Leaflet augmentation has been useful, in our hands,
for regurgitation and mixed lesions.
mh
i
d
e
r
s
m
p
t
c
m
o
a
a
o
s
n
p
Surgical management of congenital mitral stenosis 281surotomy is performed as needed. The papillary muscles are
split if the subvalvar orifice size is limited. The functional size
of the valve can usually be nearly doubled (Fig. 7).
Discussion
Congenital mitral stenosis accounts for fewer than 0.5% of
the congenital pediatric cardiac patients presenting at the
Hospital for Sick Children, Toronto. Adding in a small left
heart complex would still leave an incidence of fewer than
1%. In examining 154 patients who underwent mitral valve
surgery as a primary procedure at our institution from 1990
to 2008, 27 (17%) had mitral stenosis as a primary disease.
Decision-making regarding single-ventricle versus biven-
tricular repair in neonates is crucial. Failed valve repair can
lead to pulmonary hypertension and the removal of a single-
ventricle pathway as a possibility. Transplantation may be-
come necessary and entails higher risk because of the atten-
dant severe pulmonary hypertension. Resorting to valve
replacement in those less than 6 months to 1 year of age is
associated with a high mortality. As such, we have accepted
residual meanmitral gradients of 10 to 12mmHg and would
accept a higher mean gradient if the systemic and pulmonary
hemodynamics were acceptable. Even a less than optimal
repair in the small neonates tends to be better than the option
of valve replacement. The majority of congenital mitral ste-
nosis patients do well in the midterm.
Mitral Valve Replacement
A number of studies have correlated poor survival with age
and size at replacement of the mitral valve. In particular, a
high prosthesis valve size to patient weight ratio of 3
m/kg is associated with mortality.12 Age less than 6 months
to 1 year is also a significant risk factor.12,13 In contrast, we
ave seen little mortality for even an imperfect repair for
nfants with congenital mitral stenosis. We accept mean gra-
ients as high as 10 to 12 by postoperative transesophageal
chocardiography. Although that is still a moderate gradient,
eoperation for further repair can be successfully achieved
everal years later. If replacement is then required, the risk for
ortality will have significantly declined because of an im-
roving prosthesis size to weight ratio. Additionally, despite
he moderate residual gradients in some, there is marked
linical improvement given that the presenting gradient
ight have been as high as a mean of 20 to 30 mm Hg.
Atrial Septal Defect
Wehave employed the use of an adjustable atrial septal defect
(ASD) for the most borderline cases of mitral valve size and
small left ventricles (Fig. 3). Once bypass has been termi-
nated, left atrial and systemic pressures are noted for both an
opened and a snared ASD. If the hemodynamics are accept-
able in both an open and a snared position, we leave the ASD
closed. If there is a high left atrium (LA) pressure and low
systemic pressure with closure of the ASD, we leave the atrial
defect open. For a high LA pressure (in the 20’s mm Hg) and
good systemic hemodynamics, we leave the ASD closed. Ourexperience has shown that the LA pressure declines with time
in those with a borderline sized left heart.
Mitral Valve Growth
For neonatal presentation and a biventricular repair, the mi-
tral valve Z-score increases dramatically in the first year of
life. A mean Z-score of3 increases to about0.5 at 1 year
f age. The same trend is seen for left ventricle dimensions
nd aortic annulus size. Z-scores for the mitral valve as small
s 6 have successfully undergone biventricular repair but
nly if MRI-based volumetric studies of the left ventricle
howed a volume of greater than about 25 mL/m2 and an
ascending aortic flow in the vicinity of 1.5 L/min/m2. These
umbers are reasonably conservative estimates based on our
resent data.
Conclusions
A key decision withmitral stenosis is the suitability for biven-
tricular repair. Functional MRI is a useful tool for expanding
the precision with respect to a single ventricle or biventricu-
lar repair strategy. An imperfect repair in neonates is prefer-
able to valve replacement.
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